eutrophication control (Smith et al., 1999) . Thus, the objectives of the present study were to understand the characteristics of water quality variations in river watersheds flowing to a downstream dam reservoir and to determine their relationship with the land uses in their watersheds. Three rivers (Sekampung Hulu; Sangharus; Rilau) flow into the dam reservoir. The dam was planned to respond to the growing rice demand in Indonesia and to regulate water resources while stabilizing rice production, especially in the dry season. The main purpose of the dam is to store agricultural water and generate hydroelectric power, with the available storage capacity of the reservoir being 578 million m 3 (Yunoki & Hargono, 2005) . The water is used for irrigation in an extensive downstream agricultural area of 660 km 2 .
| S TUDY ARE A
The various watershed land uses are summarized, based on GIS data of the Indonesian Ministry of Forestry (2015) . The major land use in the Batutegi Dam watershed is upland agricultural fields (54.0%), followed by communal forest (30.7%) and plantation (8.0%). Other land uses, including settlements (3.0%), paddy fields (0.7%), private forest (0.2%) and other (3.4%), account for the remaining portion of the watershed area. Communal forests refer to state forest lands, which are primarily used to improve local community welfare through the sustainable use of forest resources. Thus, the communal forest area has two purposes; namely, forest protection and production. Even in regard to forest production, local community members are required to rehabilitate the forest after tree harvesting (Indonesian Ministry of Forestry, 2007) . Mainly secondary crops (cassava; maize; beans) and cash crops (coffee; cocoa; pepper) are cultivated in the upland fields. Agroforestry and shade trees are included in upland-field land use for the production of bananas, durians, mangoes, mangosteen and other fruits and vegetables as well as grasslands and grazing fields for livestock. Coffee is the major crop in plantation areas, although it can be interchangeable with other cash crops.
| ME THODOLOGY
The Sekampung Hulu and Sangharus Rivers were selected as the target rivers because of the low accessibility by road of the Rilau 
TA B L E 1 Summary of water quality in Sangharus and Sekampung Hulu Rivers
River. Based on field observations, the water of the Sangharus River exhibited a clearer appearance, while the Sekampung Hulu River 
| Water quality variation from upstream to downstream
The variations in parameter concentrations along the rivers, begin- were observed with the increasing percentage of plantation area.
Meanwhile, the values of Cl, NO 3 , PO 4 , SO 4 , Na, K, Mg, Ca, Mn and
Si exhibited a tendency to be greater with increasing percentage of upland fields, and slight increases were observed for EC and pH. The TOC did not exhibit large differences or strong trends, and Al, Fe and TSS appeared to decrease with increasing percentage of upland fields.
| D ISCUSS I ON
The results of the present study demonstrated that the two adjacent watersheds of the Batutegi Dam watershed possess different water quality characteristics. Statistically significant differences in water quality were observed not only in the average values but also in water quality trends. This observation demonstrates that the differences were not driven by incidental processes affecting water quality, but from continuous activities in the watersheds. Surface waters are controlled by both natural processes, such as precipitation, erosion, weathering and anthropogenic activities, via both point sources (industrial effluents; wastewater treatment facilities) and non-point sources (run-off from urban areas and farm lands) (Carpenter et al., 1998; Li, Gu, Tan, & Zhang, 2009; Silva & Williams, 2001 ). The present study assumed natural processes would affect the water environment of the two watersheds in similar ways, because they are adjacent and the magnitude of natural influences, such as the quantity of precipitation and rate of weathering, is likely to be similar.
As there are no point discharges of industrial effluent or wastewater treatment facilities in either watershed, land use practices are the major driver of the water quality differences between them. 
| CON CLUS IONS
The present study resulted in the following findings:
• There were clear differences in water quality between the Sangharus and Sekampung Hulu Rivers;
• Clear trends in water quality did not change throughout the sampling period, although some parameters showed increasing trends and others showed decreasing trends;
• The two adjacent target rivers exhibited different water quality characteristics, which may be associated with different sources driving the water quality changes. Different approaches should be employed in the two watersheds, therefore, to conserve the water environment of the downstream dam reservoir. To identify the causes of decreased water quality and the most optimal and feasible approaches to address them, it is necessary to also consider the socioeconomic aspects of the local inhabitants such as population pressures and crop production cycles. F I G U R E 6 Most upstream sampling point in Sekampung Hulu River, illustrating high turbidity condition observed on 16 July 2016
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